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Abstract— The demand of captured images at agricultural
farm is getting more important for recognizing field condition

from remote site. However, as high durability is rguired for

field observation instruments, they usually would ke costly. In
this study, the potential of low-cost USB webcamsof field

monitoring was investigated. USB webcam was contield by a
tiny Linux box in which moving components were remeed to
improve endurance under high temperature and humidy

condition. The developed system was put in the chgis to
prevent the occurrence of dew condensation and thavasion

of insects and dust. The quality of the images capted by the
system was high enough to evaluate the field condin. It was

also supposed to be applied to diagnose the cropogrth by

non-contact image analysis.
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l. INTRODUCTION

The information arising in the agricultural field very
useful to understand what is happening in the filed also

important as good record to know the techniques for

excellent agriculture practices. Therefore, marstesys had
been developed to acquire the field condition. Mastous
one is a Field Server [1].

A Field Server is one of the smallest monitoringsse-
nodes that are equipped with a Web server to besaed via
the Internet. It has a feature that it providesighispeed
transmission network compared to traditional sensales.
It is because it uses the Internet friendly techeigf WiFi
[1]. One can measure various physical propertiash |as
temperature, humidity, soil moisture, and so orhproper
sensors. As Field Server contains a web servetdnsisers
can easily access and obtain their measured détaweb-
browser through the Internet. It means that no ifipec
programs are necessary to collect the latest obderalues
from Field Server. However Field Server was usethamy
research projects, it had not spread so much ioefa:. It is
supposed that it was mainly from its price. Althbugield
Server has more functions and advantages than stheor-
node systems, it is too expensive for farmersrid Genefits
of Field Server.
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For example, reference [2] tried to estimate wategss
degree of tomato trees from the captured imagegy Th
spread a blue sheet behind a tomato tree to dasil\the
moderate threshold value to separate the plant aneh
background. They found that the value of the ptaet was
decreased if the tomato was under water streserétete [3]
applied morphology to analyze plant condition. Thesed
the image of canopy of potted Forsythia and caledldhe
shape parameter; invariant moments, fractal dirb@nand
skeleton measure. Then they investigated relatieteeen
plant condition and these parameters.

Above studies used images captured indoors, because
they could avoid the influence of varying lightemin
condition. Some researchers tried to use the imeayasired
at outdoor field. Reference [4] used the field imaip
calculate the percentages of weeds, crop and resiépt area.
The performance of the developed system was showa f
set of image acquired from different field and undiéferent,
uncontrolled conditions, such as different lighopc growth
stage and size of weeds. Correlation coefficiestched
almost 80% to real data.

As seen above, many researchers are working oneimag
analysis in agricultural field; there is a growinged for the
system to capture images in the field and to tengfem
through the Internet. However many network camenas
available on the market, there are few high-quatiydels
which are also inexpensive.

Authors developed a field image monitoring system
based on embedded Linux [5]. As the system wasosgub
to be installed in the field, it was designed untlieee
requirements; low-cost, robustness to endure ind fie
condition and network gateway function in the fiel
wireless broadband router and some USB devices were
applied in the system to meet these requirementddition,
Embedded Linux was installed into the router totamrthe
system. An image was captured by a USB webcamtard t
transferred to a remote server over a third-geloerdB8G)
network. The developed system almost met pre-deéfine
requirements and it worked fine in the preliminary
experiments, but there was still some problems ¢ b
operated in agricultural fields; performance of thieeless
broadband router which was a little low for captgrimages

Another method to evaluate crop condition is imageat the maximum resolution of a USB webcam, andigsgn

analysis. Sophistication and dissemination of digitill

of chassis which would protect the system undetersev

camera have been boosted this field. This method Wanvironmental conditions.

enables noncontact and nondestructive diagnosisray
condition which includes water stress, tree viguutrient
contents, and so on.

This article presents implementation of updatedd fie
image monitoring system with a low-cost USB webcard
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results of field experiments for verifying the dbifiy of the
system under severe outdoor condition.

Il.  IMPLEMENTATION OF THEFIELD IMAGE MONITORING
SYSTEM

A. Components of the System

The developed system consisted of only 2 devicesix_
Box and USB webcam.

eBox-4300 [6] which was produced by
Technology Inc. was used as a Linux Box (figure This
device was especially designed for limited physgadce
and temperature concerns [6]. Although this devise
smaller than a general personal computer markédtan
work like a commercial desktop computer. As its CBU
Intel x86 compatible, many famous Linux distribusoand
even Microsoft Windows can be installed
Furthermore, it has many peripherals such as USBs,po
serial ports, Ethernet connector and VGA connecitie
most specific feature is that it can boot withontiaternal
HDD.

Generically, it has been said that HDD have lessatthl
endurance. In fact, Reference [7] showed that titernal

into it.

B. Software

This system mainly carried out three operations;
capturing a field image, forwarding the image toeaote
server, and deletion old image files from CF disk.

Scripts for automated image capturing were callehye
10 minutes by a “cron” daemon. At first, it seahe
directory named the current date in the workingairy. If
it were not found, then the system creates thectoing to
save a captured image file. At the same time,atches the

ICOP directories which are older than 30 days from today

removes them to prevent the Compact Flash diskifigd.
Then, the system begins to capture a field imag&bgm
and save it in the designated directory. At thimeti the
image capturing software named “fswebcam [9]” igdis
Although most image capturing software for Linwpgarts
only Video4Linux 1 (V4L1), fswebcam supports notlyon
VA4L1 but also Video4Linux2 (V4L2) which is implemtexdl
by a UVC driver. Finally, image files are transétrto a
remote server through the Internet. Synchronizatieveen
a Linux box and a remote server is done by “rsyt@’[
which is an open source utility that provides fastemental
file transfer [10]. Public key authentication ised to
transfer images automatically and secure network

HDD could not survive for a long time under high communication.

temperature condition from the field experiment hwia
modified inexpensive small computer.
Reference [5] showed that the field image monigpsgpstem
without internal HDD could have operated stably emthe
high temperature condition. Therefore, replacing
mechanical parts with electric ones (solid statg)an
essential requirement for the field monitoring eyst As
eBox-4300 can boot from a Compact Flash disk inkstéan
internal HDD, Debian was adopted as an OS and
necessary packages were also installed for cantyothe
system. OS for the Intel x86 based CPU eased tiuebwon
users in building the system, because there ardn rmaze

Additionally,

al

Ill.  FIELD EXPERIMENTS

A. Stelocation

Field experiments were carried out in KanayamatPilo
farm, Mie prefecture, Japan. This area is famous fo
mandarin orange production. The mean maximum
temperature exceeds 30 degrees Celsius in summer;

thSspecially Japan is experiencing record high teatpess

this year. Humidity also becomes very high in Japan
Furthermore, the field catches the sun becausddtated in
the southeast-facing slope. In this study, theesyswas set

binary packages were available than Embedded Linuyp near the hut where ADSL line was installed. aithh the

distribution.

communication speed was very slow, it was enough to

Qcam Orbit AF [8] (hereafter Qcam) produced byiransfer a still image file to the server in Mie itsity

Logicool was used as a USB webcam (figure 1). Tioslel

is one of the highest performance USB cameras waieh
sold in consumer market. It has a true 2-megasrekor
and supports high resolution up to 1600 x 1200 Ipix&s

Qcam is a UVC (USB Video Class) compatible devinest

Linux distribution supports this model.

eBox-4300
(from reference [6])

Qcam Orbit AF
(from reference [8])

Figure 1. Components of the field image monitoring system
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through the Internet every 10 minutes.

The system was exposed to direct sunshine in dader
bring environmental condition close to field on€awer-
supply code and LAN cable were extended from the Au
tree was chosen as an object, in which many kifidstros
trees were grafted.

B. Preiminary Experiment

Before designing chassis for USB webcam, prelinyinar
experiment was carried out to extract problems. UsB
webcam was put into the translucent plastic coatain
temporarily. One side of the container was cut afid
replaced by a clear acrylic board for the webcawésv
window. A hole was also opened at the bottom of the
container to be connected a flexible tube for wjrihe USB
cable to a Linux box. The USB webcam was fixedha t
container with putty after adjusting the position.

Figure 2 shows inside of the plastic box. Linux box
circuit breaker and additional AC outlet were imgd in the
box. Two flexible tubes were connected to it. Oreswsed



AFITA 2070 International c)ﬂ/(f&/‘w(d&, The Q«aﬁly ﬂ(fﬂ/‘mb‘/bfr fri/‘ C)M/eb‘/l‘/ke ﬁfpﬂ/b«/fm/ Based Froduction S}n‘a/« and Commerce

to wire the power supply code and Ether cable ftioenhut.
The other was connected to the container whichudted
USB webcam to wire USB code. The role of flexiblde
was preventing cables from water, insects and aviichals.
This temporary system was installed in Januan2@I0
and the preliminary experiment ended April 30, 2010

Figure 3. The USB webcam plastic box in preliminary experitnen
captued on April 30, 2010.

C. Problems Related to the Chassis

Fig. 3 is a side view of the USB container usedhia
preliminary experiment on April 30. Obviously, albbducm
of water accumulated inside the container, althoogst
conspicuous clearance was filled up with silicomlikiag
compound. It was thought that it was caused by dey
condensation. As daily range of temperature becderge
around winter in this area, warmed humid air dudagtime
would be cooled at night and then precipitate aw.de == IS
Fortunately most electric parts was located attdpeof this Figure 4. The image captured by this system at 11 AM, April 2010
webcam, it continued capturing under these sevardition.

However, it was found that countermeasures agalest p gipg Experiment
condensation was emergent for the chassis.

Fig. 4 shows the image captured by this monitoringr
system in the morning of April 30. It was realizerht the 'S5
image had two problems; blurring around the cormed
vague white point which was appeared in the center.

The problem of blurring was found in all the imagas
this USB webcam had automatic focus adjustmenttifomc 2 . ; . X
it was seemed that it was caused by something foc(&!P for dry silica gel. Fine mosquito netting sereeas tied

inhibition. Some dirt on the acrylic board mighvhacaused UP @t point to prevent invasion of insects. Topesid the
this problem. chassis was closed by wooden board with glass wirfdo

Vague white point was found in many images capture ebcam. The V\(ebcam’s_code; o USB_connector V\_/asapass
aroung noon on F’ihe sunny day. It was Zonsidgeretjtmi% through the flexible tube in point B. Inside of tleassis was
was reflection. As the container was translucemistnsolar ~ Painteéd black in order to reduce reflection. Allegtpres
ray went into the plastic box. In fact, similar plems had e_)|<_cept thelkk_)ottom hole Ic? this chassis were fillgdwith
occurred on the images captured by Field Server if"'cON cauking compound. . . .
Kanayama. The Field Server type IV used a cylimdric _ 1his chassis was replaced with the previous plastic
acrylic board for the camera window. Reflection weed ~container on April 30 and the experiments had been
from noon to evening. The chassis should be maxte light ~ continuing.
shielded material. :

The chassis of USB webcam was designed based on the
ults of the preliminary experiments. Fig. 5 sbdhat the
appearance of the chassis of webcam (left) andletedl of

the new USB webcam chassis (right). Exterior ofdhassis

was made from PVC tubes. Two punching metal boards
were tied up at the joint of the tubes to fix thebeam and a
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Figure 6. The image captured in the final experiment at 11 Mdy 1,
2010
\ USB webcam

- V. CONCLUSION

Glass Board ‘ Low-cost USB webcam was used for field image
crallic Plate monitoring system. Preliminary experiment with filastic
container extracted collected required conditions the
o T L chassis of USB webcam.

Point B a The system had been working under Japanese hot and
humid summer during the field experiment, exceptha
case of sudden hang up of the Linux box. This tehdwed

Figure 5. The chassis for USB webcam that the developed system had high resistance mpiegpéor
the severe field condition

Since the image captured by this field image mainitp

IV. RESULTS AND DISCUSSION system was in high resolution, it was thought thatimage

Fig. 6 is the image captured at same time of tix¢éad@y would be able to be used for image analysis such as
of Fig. 4. The problems which were found in theliprimary ~ measuring the size of fruits if the image was cagtwat the
experiment were almost solved after the chassis wagose-up position.
exchanged. Improved system supplied images in high

Point A (Flvscreen)

resolution that was thought to be useful for imagalysis. REFERENCES
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